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0 Method for producing a metal from its halide. 



© A method for producing metal by the reduction 
of a metal halide by a reducing metal agent caoaoie 
of continuously producing homogeneous metai of 
OOhigh purity. In the method, particles of the same 



0) 



metal as the metal to be proauced are cnargea mto 



a reaction vessel and the metal halide and the re- 
OOducing metal agent both in vapour form, are etectec 



0) 

CM 



upwards into the reaction vessel from its lower cor- 
tion to form a fluidized bed of the metal particles n 
Othe vessel. The reoucing reaction between the two 
^vapours takes place on the surface of the metai 
UJ particles at a temperature below the melting point of 
the metal product and at a oressure below a vapour 
pressure of each of the reducing metal agent and 



:ne metai haiiae at thai temperature, resulting m 
^eoositing and growing the metal crcduct on 'he 
surface of :he panicles. 
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METHOD FOR PRODUCING A METAL FROM ITS HAUOE 



oreseni :r.veniicr. r^iaies -c a Te*"*-: • 
.:rcauc:ng meiat f-om a Ttetai r-a:ice a"-': 
Danicuiany lo a meihoa icr the cfcouc: :'' * j 
-neiai oy the rsouction of its metal -^anoe : . ; 
'eaucing metal agent. 

A conventionally known method for 3rccuCt«^g a 
metal by the reduction of its metal hanoe :cm- 
ofises tne so-called Kroll process, which is carttcu- 
:arly suitable for the production of titanium. Unronu- 
lately, this process has a disadvantage m causing 
the metal product, for example, titanium to oecome 
firmly adhered to the side and/or bottom surlaces 
of the reaction vessel as a porous solid proauct 
during the proauction. 

Another method known in the art is one 
which a reaction takes place between titanium tet- 
rachlonde and magnesium on the surface of a 
•itanium ribbon to produce titanium by depositing t 
on the surface. This is disclosea in Japanese Pat- 
ent Publication No.3004/l958. Unfortunately, tnis 
method causes the metal product to deposit on the 
ribbon and also on a frame supporting the ribbon. 

Accordingly, the prior art fails to provioe a 
continuous operation for producing titanium be- 
cause of the necessity to remove the aeposited 
metal prior to carrying out subsequent steps. For 
this reason, the prior art methods are compeiieo to 
employ a batch process which causes discontinuity 
and inefficiency in the manufacturing operation. 
Furthermore, solid titanium or the like deposited to 
the inner surface of the reaction vessel is readily 
contaminated by the material of the reaction vessel 
since it is highly reactive at the elevated process 
temperatures, to a degree sufficient to react tne 
reactants. resulting in deterioration in the quality 
and punty of the metal product. 

It is therefore an object of the present invention 
:o provide a method for the proauction of a metal 
from its metal halide which is caoable of continu- 
ously oroducing homogeneous metal of hign auai- 
ly by reduction of the metal halide. 

According :o the present invention, there s 
orovicea a method for prooucmg a metal oy tne 
-eduction of its metal halide using a recucmg metai 
agent, cnaractenzed by the steos of: charging a 
reaction vessel with particles cf the same metai as 
the metal oroouct:. injecting a gas upwaras :nio the 
reaction vessel from its lower portion to cause the 
metat particles in the reaction vessel to form a 
fiuioizeo bed of the metal particles: :ntroauc;rg tne 
metal hatide and reducing metal agent mto trie 
reaction vessel: and causing a reducing reaction or 
the metal halide with the reducing metal agent on 
the sunace of the metal panicles at a temoerature 
below the melting point of the metal proauct ana at 



I pressure ceicw a /aocur pressure :f each of the 
'ecuc:nQ -netai aceni arc 'he metai naiiae at tne 
-rcciicn temoerature. 

The metal carticies serve as reaction nuclei. 
• '!"nis tr.en 'esuits :n oeoositing ana crowing the 
metai proauct cn the surface of the metal oarticles. 
The metal particles on wntcn the metal product is 
deposited can be continuously tappec out from the 
reacticn vessel. 
0 The injected gas may comprise the metal ha- 

:ide and the reducing metal agent and is miected in 
vapour form from the lower portion of the reaction 
vessel to cause the metat particles to fluidize. in 
oraer to form the fluidizea bed of the metal par- 
's ticies. Alternatively, the reducing metal agent may 
be fed in liquid form to a reaction zone in the 
reaction vessel while the injected gas comprises 
•he metal halide injectea upwaras in vapour form 
from tne lower portion of the reaction vessel to 
20 cause tne metal particles to fluidize. in order to 
r'orm the fluidizea bed of the metal particles. Alter- 
natively, the injected gas may be an inert gas 
miecteo upwards from the lower portion of the 
reaction vessel to cause the metal particles to 
25 fluidize in order to form the ftuidized bed of the 
metal particles. 

The metal halide may be titanium chloride, 
zirconium cnioride. silicon chloride, tantalum chlo- 
riae or niobium chloride. The reducing agent may 
30 oe magnesium or sodium. 

When the metal halide is titanium tetrachloride 
ano the reducing agent is magnesium, the reaction 
may be carried out at a temperature in the range of 
lOOO'C to 1200* C. preferably at aoout IIOO'C. 
15 The reaction may be carried out at a pressure in 
the range 'of 20 to 50 Torr; preferably SO Torr, 

The invention may be earned into practice in 
various ways and some embodiments will now be 
resented by way of examble with reference to the 
-0 acccmcanying crawmgs sn which the single figure 
s a block oiagram showing a system for practicing 
1 metnca accoraing to the oresent invention, 

1"he following embooiment compnses the re- 
:'jc:icn of titanium letracnionde to metal titanium 
-5 jsing magnesium as a reducing agent. 

As snown iO the .Figure, titanium tetrachloride 
•eeasiocK is suooiied at a oreoeiermmea rate from 
3 storage tank i by means of a metering pump 2 
'0 an evaporator 3. The titanium tetrachloride is 
-eatea to vaponze ana then superneated in the 
•*vacorator 3. 

Molten magnesium as a reducing agent is fed 
:rom a storage vessel 4 to a magnesium ourifier 45 
^nere it is passed through a filter, such as a 
titanium sponge 'ayer so ttiat impunties, such as 



ron. chromium, ntckei anc ihe *iKe a'^c a-s: 
;en. nitrogen and the jike remammc f -sen*- 
5ium may be satisfaciorMv -emovec ''^ 
molten magnesium is then 'eo to 3 -»ai;'"e; 
evaporator 7 by means cr a cumo o arc rea:*c *• 
/aoonze. 

During these operations. ;ne titar'uf- •-j:- • 
rtae evaporator 3 and the magnesium **ac :'a-:- 
may be kept substanuaily at an aimosore^ - : 
sure. 

The titanium tetrachionoe and magnes-u-^ ac- 
ours are then supplied at a preaeiern":'^»c a:e 
through pipes 8 and 9 to a reaction /esse* 'Z ir z 
elected from the bottom of the reactor /esse' * t- 
through separate injection pipes 8 ano 9 :">« 
reaction vessel 10. 

The reaction vessel 10 is also suopnec a 
predetermined amount of titanium particles. *ntcn 
are to act as reaction nuclei from a hooper v 
located above the reaction vessel 10. The titanium 
particles are selected from commercially availafiie 
titanium powders, fine titanium particles ootair>e<i 
from the production of titanium sponge, titanium 
chips produced from cutting titanium mgot and 
then further powdered. 

The reaction vessel lO is kept at a temperature 
below the melting point of the metal to be pro- 
duced, and is evacuated to a lower pressure wmcn 
prevents magnesium and magnesium chiorioe from 
being condensed, at the temperature. The temoera- 
ture in the reaction vessel 10 is preferably keot as 
low as possible to facilitate the selection of a 
material for the reaction vessel. However, the mner 
surface of the reaction vessel 10 is oesirabiy kept 
at a temperature as high as possible and at a' 
pressure as low as possible for the purpose of 
preventing magnesium and magnesium cnionae 
from condensing on the inner surface. Also, 'n 
order to discharge magnesium chloride as a by- 
product of the reaction in the reaction vessel lO 
and excess magnesium from the reaction system 
to recover them in liquid form in a condenser 1 5. 
the condenser 15 is preferably maintained at a 
higher pressure. In order to meet these contradic- 
tory requirements, the process of the present in- 
vention may be practiced under conditions vvnere 
the temperature and pressure in the reaction vessel 
10 are set at about iiOO'C ana about 50 Torr. 
respectively. 

The titanium tetrachlohde and magnesium vao- 
ours supplied to the reaction vessel iO are eiecteo 
- upwards from the lower portion thereof because the 
reaction vessel iO is maintained at a lower pres- 
sure, so that the energy imoarted by the vapours 
due to their iniection causes the titanium particies 
charged m the reaction vessel iO to ftuidize m tne 
reaction vessel lO. 

This fluidization of the titanium particles m the 



-eac'jc^* .essei lO '^av aisc ze zarreo zji zy 
,pv/arciy eiectirg ar nan cas i^cr. =s argon *f:m 
•ne c-'-'er ocrtion T.e :eac:icn .essei iQ -arer 
:nan .smg :r.e energy rr.carteo z\- :re :iiann;m 
■etrac^'onoe and .nnaGresium .aocu.'S. :o ;crm a 
•luioizeo cec of :he titanium oarvctes n i^e 'eac- 
•ion .-essei m :nis case :rie 'Kaniu.m ietracnicrioe 
ano r^agnesium vaocors may oe -?iec:eG -nto :ne 
fiuidizea t^ea oi :ne 'itanium oanxies. and :nen :ne 
magnesium somewnat :n excess 2S -lompareo :o 
the stcicnicmetnc amount may ce iucpiied tc :he 
reaction vessel iO in order to ccmc.eie the reaction 
of the titanium tetrachionoe anc magnesium. 

lp|ect:on oj the titanium tetrachionoe and mag- 

•5 nesium vapours into the fluidizec bed of :he 
titanium particles in the reaction vesset lO causes 
the intensive exothermic reaction between the two 
vapours. As a result, the magnesium reauces the 
titanium tetrachloride on the surface cf the titanium 

20 particles which form the fiuidi zea bed and whtcn 
serve as reaction nuclei, according to the following 
reaction: 

TiCulgas) + 2f^g(gas) - Ti(sotid) +2MgCi2- 
(gas) 

75 The titanium thus producea cue :o the reaction 

on the surface of the titanium panicles deposited 
on the surface of the titanium particles, so that the • 
titanium ::antcies gracually increase jn diameter 
and weight m the flutdized state m the reaction 
JO vessel 10. 

The temperature of the reaction zone m the 
reaction vessel is kept oeiow the Tieiting point of 
the metal product, ana as pressure :s kept below 
the vaoour pressure cf both magnesium and mag- 
:5 nesium chloride at. that temperature. This causes 
the titanium tetrachloride and magnesium to react 
in the vapour phase to produce the titanium depos- 
iting cn the surface of the titanium particles while it 
is growing. At the same time, the magnesium cnio- 
40 ride, as a by-proauct cf the reaction, and the un- 
reactec .magnesium are discnargea a mixed gas 
'rom the reaction system without ccrcensmg m tne 
reaction zone. 

Carrying out the present invention unaer con- 
J5 ditions in which *he reaction zone 'S set at a 
lemoerature of i lOO/C ana a pressure of 50 Torr 
causes the magnesium to be maintained :n the 
vaoour state in the reaction zone, smce the vapour 
oressures of magnesium chloride ana magnesium 
50 at this temperature are 86 Torr and 736 Torr. 
resoeciiveiy. They are therefore Ciscnarged from 
the reaction zone witnout condensing to a subse- 
quent :ooiing zone in which they are liquified or 
soHOifiea for recovery. 
55 The reducing reaction develops on the surface 

:f the titanium particles to wmcn tne reaction arod- 
.ct aecosits. ana promotes successive deoosition 
and gro'Mh of the titanium. When tr.e diameter of 



3 



EP 0 298 698 A1 o 



:-e titanium carticies nas 'ncreaseo tc 'ror^* 
:o iccr :imes ineir initial ::iam€ier 're -ar ' 
cafiic:es cfc irawn out from ',he liutct^ec 'r: 
re reaction -essei zontsnuousiy -^ifCi--;' i 
3ing pen '.2 :o 3 cooter 13. sn .vmch re -<i" 
are water-cooied to a room temperature 
eo iitanium oanides are removed via a /a-.e s-. 
as. ror example, a rocker valve ana crar^eo j 
screen classifier 14. which classifies the rr^et*! 
tides into a fine particle group with a ciametef 
0.5mm or less and a coarse panicle grcuo *'tr a 
greater diameter. The coarse particle grouc 5 r* 
product ana the fine particle group is returned 
the reaction vessel 10 via the hopper 1 1 for jse as 
reaction nuclei. 

The vapour mixture of magnesium chlonoe fcy- 
product and excess magnesium discharged f'om 
the reaction vessel 10 is directed to a condenser 
15 where it is condensed to a liquid. The iiautfieo 
magriesium chloride and magnesium are then col- 
lected through a "vacuum leg" into a liquid separa- 
tor 16. that are separated from each other aue lo 
the difference in their densities. The seoarated 
magnesium is returned to the reaction vessel lO for 
reaction and separated magnesium chloride is re- 
covered and fed to electrolytic cells (not shown). 

In the Figure, reference numeral 17 designates 
a vacuum pump for reducing the pressure m the 
apparatus. 

in a reaction system constructed as described 
above, vapours of titanium tetrachloride and mag- 
nesium are ejected into a reaction vesset main- 
tained at a reduced pressure, and form a fluidized 
bed therein, so that the reducing reaction between 
them takes place on the surface of the titanium 
particles which act as nuclei for producing titanium. 
Accordingly, the titanium deposits and grows on 
tne surface of the titanium particles vyithout depos- 
iting on the wall of the reaction vessel, which !S 
Uee from any tontammation by the material of the 
v/ail of the reaction vessel. Also, in the present 
•nvention. me titanium particles which are used as 
reaction nuclei inherently have a larger specific 
surrace area. This results in a significant increase 
:n ihe efficiency of the reaction. Furthermore, in tne 
present invention, the reaction zone is kept at a 
:cwer pressure. Accordingly, excess magnesium 
and any magnesium chloride by-product which 
mignt otherwise remain in fine internal voides zi 
the titanium particles are suojected to vacuum ais- 
iiiiation while the titanium pamcies are fluidized n 
;he reaction vessel, resulting in the oroduction of 
rnetai particles of high purity which are substan- 
tially free rrcm magnesium ana magnesium chio- 
•ide. 

The above process has been descnbed in con- 
nection with the proauction of metai titanium, how- 
ever, it is to be understood that the present inven- 



•;on :s aiso acclicaoie :* t* crccucticn or manu- 
*aciure z\ 2:rccnium. Silicon, taniaium. rtooium ana 
•he -tke. -ISC '-r- :ne cresent r-vention. scotum may 
:e 'jsec as a 'eaucmc metai agent. 

The present -nvention wtii r:C'^ ce iilustrateo 
.vtth reference to the fonowtng non-iimiting exam- 
rtes- 

•:- Example I 

A reaction vessel of 20cm inner diameter and 
lined with titanium was charged with I2kg of 
titanium particles have a diameter of about 0.2 to 

:s 2mm. a surface area of about 12.6 x iO"^ ta 12.6 x 
10** m* and a weight of about 18.8 x 10~^ to 18.8 
x I0"*kg. The reaction vesset was subjected to 
external heating and kept at a temperature of 
nOO'C while the pressure in the reaction vessel 

20 was reduced to 50 Torr by a vacuum pump. 

Titanium tetrachloride vapour superheated to 
372' C and magnesium vapour heated to 1120 C 
were seoarately ejected from individual injection 
ports lo the lower portion of the reaction vessel at 

25 feed rates of 7980g/hr and 2539.2g/hr. respectively, 
so as to fluidize the titanium particles in the reac- 
tion vessel. 

Injection of the titanium tetrachloride and mag- 
nesium into the reaction vessel in this way resulted 

30 in a simultaneous reaction, which in turn resulted in 
the temperature in the reaction vessel tending to 
rise. In order to maintain the reaction vessel at a 
desirable temperature, the external heating was 
controlled to keep the temperature at liOO* C. 

35 After the reaction had been taking place for 

one hour, metal particles of 201 2g were drawn out 
from a tapping port. A residue of magnesium ad- 
ded in excess amount of 20% and magnesium 
chloride were cooled in a condenser and then 
separated by a liquid separator. As a result, mag- 
' nasium chloride of 8465.ag was recovered m liquid 
'orm. 

The metal particles thus produced were formed 
ji titanium ceoosited anc grown on the surface of 

J5 *^e titanium particles serving as f-eaction nuclei, 
and were substantially free from contamination by 
:he material of the reaction vessel wall. Also, no 
magnesium chloride nor any of the excess magne- 
sium 'emameo in the :ine internal voids of the 

*: metal o'articies. Thus, the metal product was very 
core. 



Example 2 

A reaction vessel of 30cm inner diameter and 
.ned with titanium was charged with 30kg of 
:i!anium oarticies used in the E.xampie ^ The reac- 
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•:cn vessel was neated ov an exierna: --raie' irz 
<eot at 3 -emoeraiure ot :iOO*C .vr...e t-e?- 
-,ure ^r. me reacuon vessel -vas recjjec ■: iZ ':-'* 
cv means or an automatic oressjre :cn»':.-?f 

'Itanium retrachionce ana macnesn;'" .ar:,-i 
.vere 3eoarateiy eiectea ''CTi "oivictat ' rZ'^r 
corts iO ihe lower portion ci the feac:::r .-esse- 
:eea rates of i7 95kg/hr ana 5.7kg;nr. -escec:»ve . 
so as to Muiaize the titanium oarticies " -"e -ea-:- 
iion vessel. 

iniection of the titanium tetrachior'ce arc '"ac- 
nesium into the reaction vessel m this way -esuiteo 
in a simultaneous reaction, wnich m turn resutteo r 
the temperature in the reaction vessei .tenotng :c 
rise, tn order to maintain the reaction /essei at a 
desirable temperature, the external neannq was 
controlled to keep the temperature at iiOO C. 

After ten minutes, metai oarticies were staaea 
to be drawn out from a tapping port at a rate of 
5.43kg/hr. Atter cooling, the metal particles thus 
produced were subjected to screening, and par- 
ticles of 0.5mm or below were returned to the 
fluidized bed from the top of the reaction vessel at 
a rate of 0.9kg/hr. 

A magnesium chloride by-product ana an ex- 
cess magnesium, the total amount of which was 
19.0kg/hr, were condensed in a condenser main- 
tained at 777 ' C and obtained in iiquto form 
through a vacuum leg. 

The reaction was continued for five hours. The 
metai particles thus produced were formed of 
titanium deposited and grown on the surface of the 
titanium particles serving as reaction nuclei, arc 
were substantially free from contamination by the 
material of the reaction vessel wall. Also, no mag- 
nesium chloride nor any of the excess magnesium 
remained in the fine internal voids of the metal 
particles. Thus, the metal product was very pure. 

Example 3 

Example i was repeated except mat tre 
titanium tetrachloride and magnesium were iniected 
into a reaction vessel in the form of gas ana licuic 
ana at feed rates of 8kg/hr and 2.6kg/hr. respec- 
tively. 

The reaction proceeaed in substantially tfe 
same manner as in Example "! . After two hours, tre 
reaction was terminated ana titanium carticies 
about 4.0kg were recoverec from th6 reaction ves* 
sei. The particles had a panicie size of 0.3 • 2.2mrr 
and an average particle diameter of 0.8mm. 



rcrrcararve cxar^c:e ' 



^ .cOCL.' z^-as^ 'vacc*" ::ri veen utanium let- 
'=chicnce anc "^acrestum /vas ccrcuctea 'jraer 
f sjosianuaiiy '^^B -ra.me ronoinons =s Examc»e i 
T<cect :"a! :!ian:um cantcies -vere net cnargec t^to 
I .eactic-n /asset f-manv 

t -vas oDservea mat a smaH amcuni of nianium 
•vas proauceo cr the waii cf -re .''eaction vessel. 
However most of the oroauc: -vas oiscnargeo to a 
-Tcncenser in tne ^orm oi lower cnxnaes of titanium 
without forming any metai titanium. 

•z Claims 

1. A method for producing a metal by the 
reduction of its metal haiioe using a reducing metal 
agent, characterized by the steos of: cnargmg a 

20 reaction vessel with particles of the same metal as 
the metal oroduct: injecting a gas upwards into the 
reaction vessel rrom us lower portion to cause the 
metal carticles m the reaction vessel to form a 
Muidizea bee of the metai panicles: introducing the 

:s metal halide ana recucmg metal agent into the 
.'eaction vessel; ana causing a reaucing reaction of 
:he metal haiide wuh the reducing meiai agent on 
the suriace of the metai pamcies at a temperature 
below the melting point of the metal oroduct and at 

?o a pressure beiow a vapour pressure of each of the 
reducing metal agent and the metai haiide at the 
reaction temperature. 

2. A .method as clatmea m Claim i character- 
ized by continuously tapping the metal product 

:s deposited on the metal panicles from the reaction 
vessel. 

3. A method as claimeo m Claim i or Claim 2. 
Characterized in that the injecteo gas comprises 
tne metal haiide and the reducing metal agent and 

-^0 'S iniectea m vapour form rrcm the 'cwer portion of 
:he reaction vessei to cause the meiai particles to 
Muidtze. .n order to form the fluidized bed of the 
metai canides. 

-1 A .method as claimed tn Claim i or Claim 2 
:raracterized m mat the recucmg netat agent is 
'9d <n 'loutd form to a reaction zone in the reaction 
.esse* wniie the miectec gas compr-ses tne metai 
''aiice iciected upwards tn vaoour 'orm from the 
ower ccnion zi the reacncn vessel to cause .the 
Tetai canicies to fiuidize. n orcer to form the 
'•ciCizea oea of the metai partictes. 

5. A method as ciaimec m Claim i or Claim 2 
:-aracteri2ed m that the irtectea gas is an inert 
;as iniected uowaros from the lower portion of the 
* •action vessel tc cause tne metal panicles to 
■ jicue 'n orcer ^0 fcrm the fiuioizea bea of the 
^etai oarticies. 
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■5. A rr^einoG as ciaimea in any crecscrc : aim 
raracienzea in inat 'he '^etai nanae 5 * :3,r*i^rr. 
- rrice. iircor.ium cnionae. snicon c.*~:cri.;e an- 
= -m chionoe or niocium cntcrtce. 

" A metnco as ctaimec n anv orececu": : i-^ 
-aracierized m inai tne --eGucing ttetai acer* 
-aanesium or soaium. 

3. A memcQ as claimed tn any prececin^ : ii^r 
raractenzea m that the reaction is cameo :li a: a 
rmoerature of iiOO'C and a pressure 20 • 50 'O 
:rr. 
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